Surveillance of Poliomyelitis

in the United States in 1956

OLLECTION and dissemination of epi-

demiological data on the safety and effec-
tiveness of poliomyelitis vaccine are the pri-
mary functions of the National Poliomyelitis
Surveillance Program, which was established
in April 1955 at the Communicable Disease
Center of the Public Health Service. These
data are summarized and distributed currently
in the mimeographed Poliomyelitis Surveil-
lance Reports, which are available to all per-
sons with responsibility in the control of polio-
myelitis. A review of information collected in
1955 has been published (7). The present re-
port summarizes the data for 1956.

As part of the surveillance program a clear-
inghouse of information is maintained in the
Poliomyelitis Surveillance Unit, Communi-
cable Disease Center. There is constant mu-
tual exchange of data between the unit and
State and local health departments, virus diag-
nostic laboratories, the National Foundation
for Infantile Paralysis, and others. More than
40 officers of the Communicable Disease Cen-
ter’s Epidemic Intelligence Service contribute
to this activity.

This report was prepared by the staff of the Polio-
myelitis Surveillance Unit: Dr. Neal Nathanson,
chief; Dr. William Jackson Hall, assistant chief;
Dr. Lauri D. Thrupp, epidemic intelligence service
officer; and Helen Forester, statistician. The unit
is part of the Epidemiology Branch (of which Dr.
Alexander D. Langmuir is chief), Communicable
Disease Center, Public Health Service, Atlanta, Ga.
The paper was presented at a meeting of representa-
tives of State medical societies, called by the Ameri-
can Medical Association, in Chicago, January 26,
1957.
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Poliomyelitis Incidence in 1956

During 1956 a total of 15,400 cases of polio-
myelitis were reported to the National Office
of Vital Statistics, Public Health Service, a rate
for the United States of 9.2 cases per 100,000
population. This is the lowest rate reported
since 1947. Marked annual variations in polio-
myelitis incidence are apparent from a com-
parison of rates for the years 1910 through
1956 (fig. 1) and from a comparison of polio-
myelitis incidence by weeks for 1956 with the
years 1946 through 1955 (fig. 2). Because of
these wide annual variations in incidence, it is
not yet possible to attribute the low incidence
reported in 1956 to the widespread, although
incomplete, use of poliomyelitis vaccine. Fur-
ther decreases in incidence over the next several
years may be of greater significance.

The 1956 incidence rates for six geographic
regions, with median rates for the period
1951-55, appear in table 1. The highest re-
gional rates in 1956 were in the Southwest, the
South Central, and the North Central States;
these same regions also had the highest 5-year
median rates. Lowest 1956 rates and lowest
5-year median rates were reported for the
Northeast and the Southeast.

For individual States a similar comparison of
1956 rates with 5-year median rates appears in
figure 3. (The number of cases reported in 1956
for each State, by paralytic status, is given in
table 2.) The four States with the highest
1956 rates were Utah, Iowa, Louisiana, and
Illinois, in that order. None of these States
experienced particularly low median rates for
the previous 5 years. The high 1956 incidence
in Utah reflects an epidemic in Salt Lake City
and the surrounding area. The cases reported
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from Iowa undoubtedly include many cases of
nonpoliomyelitis viral meningitis since less
than 10 percent of the cases were reported as
paralytic and since isolations of Coxsackie virus
were reported from outbreaks in four areas of
the State. Only in Louisiana did reported in-
cidence exceed the 5-year median ; high endemic
rates were reported in several areas of this
State. The largest concentrated outbreak dur-
ing 1956 occurred in Chicago. More than 1,100
cases were reported, a rate of about 30 per
100,000.

Vaccine Safety

Surveillance of vaccine safety is based pri-
marily on analysis of poliomyelitis cases occur-
ring within 30 days of a poliomyelitis vaccina-
tion. Cases of this kind are routinely reported
to the Poliomyelitis Surveillance Unit by all
State and Territorial health departments. In
addition, this phase of the program includes
collection of some data on possible reactions to
the vaccine.

Poliomyelitis Following Vaccination

With more than 70 million inoculations
of vaccine given during 1956 and with con-
siderable amounts of vaccine used in high-in-
cidence areas, it is clear that by coincidence
alone a large number of cases would be ex-
pected to occur shortly after vaccination. Thus,
the purpose of surveillance of vaccine safety

Figure 1.

is to determine whether coincidence is an ade-
quate explanation for all the cases occurring
shortly after vaccination. It must be recog-
nized, now that vaccine is frequently used dur-
ing periods of high incidence, that epidemio-
logical methods may not detect the occurrence
of small numbers of vaccine-related poliomye-
litis cases.

Cases are currently analyzed for (a) exces-
sive frequency of association with individual
lots of vaccine, (&) concentration within the
4- to 11-day period of the intervals between
inoculation and onset, and (¢) correlation be-
tween sites of inoculation and sites of first
paralysis. These were the distinguishing epi-
demiological characteristics of the cases in 1955
associated with vaccine manufactured by Cutter
Laboratories (7).

During 1956, 500 under-30-day cases were re-
ported, 229 of which were paralytic. (This
total does not include a group of more than 300
cases in Chicago, which will be discussed in a
later section of this paper.) Comparison of
these 229 paralytic cases with the 70 million
doses of vaccine administered gives an average
ratio of about 1 paralytic case for every 300,000
inoculations. Classification of cases according
to manufacturers and lot numbers of the vaccine
used showed that only 5 lots distributed in 1956
were associated with more than 5 paralytic
cases, while half (67) of the lots were not asso-
ciated with any paralytic cases. Analysis of
the 5 lots associated with more than 5 paralytic

Annual poliomyelitis incidence rates in the United States, 1910-56.
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Figure 2.

Poliomyelitis incidence in 1956 compared with the years 1946 through 1955.
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cases showed that in all instances these lots had
been used during the summer and in areas ex-
periencing high or epidemic incidence of the
disease and that these cases did not exhibit the
other epidemiological characteristics of the
Cutter cases.

When intervals between inoculation and on-
set were examined for the 229 paralytic vac-
cinated cases, it was found that 53 percent of
the cases occurring 0-15 days after inoculation
fell in the 4- to 11-day period, very close to the
50 percent expected by chance. The -cor-
responding percentage for the Cutter cases was
88.

Analysis of the relationship between sites
of inoculation and first paralysis showed the
following: Of the 229 paralytic cases, 164 had
spinal involvement, and of these 164, the site of
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inoculation was known for 150. Among these
150, initial involvement included either the
inoculated or the opposite uninoculated extrem-
ity, or both, in 81. Of these 31, only the inocu-
lated limb was involved in 21, only the opposite
uninoculated limb was involved in 6, and both
limbs were involved in 4. This slight excess of
correlated cases (21) over uncorrelated cases
(6) may indicate the occurrence of a small
number of vaccine-related cases. However, the
correlated cases were spread among 19 lots of
vaccine. Also, analysis of a comparison group
of 905 cases that occurred more than 30 days
after vaccination showed a similar excess of
correlated over uncorrelated cases (13 and 6,
respectively). Although the frequency of cor-
relation in the small group of under-30-day
cases suggests vaccine-related poliomyelitis, the
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similar frequency of correlation for the over-
30-day cases precludes any definite conclusion.
However, if it is assumed that the excess of 15
correlated under-30-day cases was due to prior
inoculation, then the vaccine has influenced the
development of considerably less than one
paralytic case per million inoculations.

Vaccine Reactions

Vaccine reactions that have been considered
possible hazards include encephalitis or other
neurological illnesses such as may occur follow-
ing use of smallpox or other vaccines; allergic
reactions to the traces of penicillin and foreign
proteins in the vaccine ; nephritis or other renal
diseases attributable to reaction to residual
monkey kidney proteins in the vaccine; and
sensitization of Rh negative persons by Rh
positive antigen potentially present in the
vaccine. To evaluate these hazards, the Polio-
myelitis Surveillance Unit has collected reports

Table 1. Reported poliomyelitis incidence rates
for 1956 and median rates for 1951-55, by
geographic region

Rate for | Median

Region ! 19506 2 | rate for
1951-552
United States_ __ ______.__ 9.2 23
Northeast___ . ___________ 3.5 17
North Central _________________ 11.9 27
Northwest . .. ___________ 9.7 24
Southeast__ . __________________ 59 18
South Central . ________________ 15.1 27
Southwest . . . .- ________ 15. 6 36

1 See table 2 for States included in each region.
2 Per 100,000 population.

of a number of nonpoliomyelitis illnesses occur-
ing shortly after vaccination. Although the
reports are undoubtedly incomplete and no final
evaluation can be reached at present, the follow-
ing observations can be made:

Figure 3. Poliomyelitis incidence rates in 1956 compared with median rates in 1951-55.
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Table 2. Number of poliomyelitis cases reported in the United States and Territories, by State and
paralytic status, 19561

Region and State Para- Non- Total 2 Region and State Para- Non- | Total?
lytic |paralytic Iytic |paralytic|
Northeast_.______________ 463 573 1,471 || Southeast.______________ 940 795 1, 971
Maine________________ 16 4 22 Delaware____._________ 10 18 28
New Hampshire._______ ®) 1 3 Maryland_____________ 89 22 111
Vermont______________ 12 9 21 Dist. of Columbia______ 7 4 11
Massachusetts. . ______ 44 50 111 Virginia_______________ 150 84 236
Rhode Island____ __ .. __ 1 (3) 9 .West.-Virginia__________ 60 .47 114
Connecticut__________. 28 55 86 North Carolina. ____.___ 178 144 336
New York__.__________ 289 357 797 South Carolina_________ 38 56 114
New Jersey. ... _..___ 73 97 212 Georgia_______________ 77 66 197
Pennsylvania__ . ______ ®) ®) 210 Florida.________________ 103 170 365
Kentucky____________. 75 88 200
North Central__._________ 2,123 2,403 5, 856 Tennessee_____________ 91 55 156
Ohio.__.______________ 165 146 628 Alabama____.__________ 62 41 103
Indiana____.__.________ 179 125 433
Nlinois________________ 964 630 1,843 || South Central .__________ 1, 516 928 2,723
Michigan____._________ 283 323 683 Mississippi------_.____. 154 66 296
Wisconsin_____________ 199 189 554 Arkansas______________ 144 77 221
Minnesota_____________ 66 139 205 Louisiana_____________ 427 195 622
fowa__________________ 44 526 629 Oklahoma_____________ 67 30 224
Missouri__ . _._.__._____ 117 133 421 Texas______ . __________ 724 560 1, 360
North Dakota__.______. 7 27 40
South Dakota_______.__ 3 13 38 || Southwest_______________ 1,484 1,035 2, 814
Nebraska_ .____________ 42 110 195 Colorado______________ 86 67 162
Kansas________._______ 54 42 187 New Mexico___________ 36 21 84
Arizona_______________ 73 54 130
Northwest______________. 242 184 565 Utah. ________________ (®) (®) 224
Montana__ ... _______ 32 15 55 Nevada_______________ 1 2 35
Wyoming_ . ___________ 20 12 37 California_____________ 1, 288 891 2,179
Idaho_________________ 43 21 110
Washington_ __________ 71 60 190 Total ____________ | 6,768 | 5,918 15, 400
Oregon.______________. 76 76 173
Alaska__________________ 7 2 12
Hawaii__________________ 51 17 68
Puerto Rico__________.___ 45 6 51

1 Provisional data reported to the National Office of
Vital Statistics, Public Health Service.

* Vaccine reactions are rare.

* Neurological illnesses following vaccina-
tion include 2 cases of encephalitis, 5 cases of
myelitis, 1 sudden death (no definite cause
found on autopsy), and a small number of minor
self-limited illnesses such as meningismus,
febrile convulsions, and labyrinthitis. It ap-
pears unlikely that these illnesses are related
to prior vaccination, but further information
must be collected, particularly on cases of en-
cephalitis and myelitis, before any final evalua-
tion can be reached.

* Local or generalized mild allergic reactions
(such as urticaria) may occur in rare instances
following vaccination. Two reports have been
received of more severe dermatological illnesses
following vaccination, but their relationship to
prior inoculation appears questionable.
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2 Includes cases reported with paralytic status un-
specified (2,714 for the United States).
3 None of the cases reported so designated.

Table 3. Percentage distribution of paralytic
and nonparalytic poliomyelitis cases, by age
group, 1952, 1955, 1956 *

Percent distribution
Age group
(years) Paralytic Nonparalytic
1952 | 1955 | 1956 | 1952 | 1955 | 1956
0-4_____________ 20| 32| 39| 21 19 20
59 . 24 21 16 31 29 27
10-14___________ 13 12 11 16 17 16
15 and over_____ 33 34 34| 31 34 37
Total_____ 100 | 100 | 100 | 100 | 100 100

1 Based on provisional data, including 21,971 cases
from 22 States in 1952, 18,378 cases from 34 States in
1955, and 10,286 cases from 45 States in 1956. Cases
in which paralytic status was not stated are excluded.
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» There have been no reports of nephritis or
other renal disease following vaccination.

¢ There have been no reports of hematolog-
ical illnesses in which vaccine was considered
to play a role.

Vaccine Effectiveness

Evaluation of vaccine effectiveness includes
an analysis of the age distribution of cases by
vaccination and paralytic status, a special
study of the frequency of paralysis in hospital-
ized patients according to number of vaccine
doses, special studies in three States compar-
ing attack rates among vaccinated and unvac-
cinated children, and an analysis of reports of
cases among persons who had received three
doses of vaccine.

Age Distribution Analysis

During 1956, 44 States, the District of Colum-
bia, and 3 Territories cooperated with the
Poliomyelitis Surveillance Unit in an age dis-
tribution study. They reported to the unit the
age, paralytic status, and vaccination history of
all verified cases of poliomyelitis. These cases
represent about three-fourths of all cases re-
ported for the Nation. Data by age and
paralytic status for 1955 and 1952, collected
from a number of States in a similar study con-
ducted in 1955, were available for comparison.
Three separate qualitative measures of vaccine
effectiveness are apparent from a preliminary
analysis of the 1956 data in relation to the
earlier data.

A definite shift was observed in the age
distribution of paralytic cases. In comparison
with data for 1955 and 1952, 1956 data showed
an increase in relative incidence in the under-
5-year age group, with a compensatory decrease
in the relative incidence in the 5-to-9-year age
group (table 3). No significant change was
apparent in the age distribution of nonparalytic
cases. This shift in age distribution of para-
Iytic cases may be associated with the known
fact that the young school age group was more
extensively vaccinated than the preschool age
group. In particular, children in the first and
second grades of school in the spring of 1955,
who were largely 8- and-9-year-olds during the
past poliomyelitis season, were thoroughly vac-
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cinated in school clinics sponsored by the
National Foundation for Infantile Paralysis.
The reduction in paralytic incidence in this
group is apparent in figure 4, which shows age-
specific attack rates by single years of age. The
paralytic age curve peaks sharply at age 1 and
decreases rapidly through age 6. Except for
the trough at ages 8 and 9, the age-specific rates
remain relatively constant from ages 7 to 30,
decreasing gradually thereafter.

Although the overall frequency of paralysis
by age groups was similar to that reported in
1955 (table 4), the frequency of paralysis
among reported cases in the under-20-year age
group was markedly lower among vaccinated
cases, 34 percent, than among unvaccinated
cases, 60 percent (table 5). This difference
supports the conclusion that vaccination pre-
vented some paralysis. :

Among the paralytic cases reported during
the midsummer season in the under-20-year age
group, 21 percent were vaccinated (table 6).
This figure may be compared with estimates of
the proportion of the population under 20 that
had received one or more doses by that time.
A conservative figure is 50 percent. The differ-
ence points to a vaccine effectiveness of the
order of 75 percent against paralytic poliomye-
litis. (Seventy-nine percent of the paralytic
cases occurring in the unvaccinated population
and 21 percent occurring in the same number of
vaccinated persons indicate a reduction in the
vaccinated rate compared with the unvac-

Figure 4. Age distribution of poliomyelitis in the
United States, 1956.

PARALYTIC (5728 CASES)

101 NONPARALYTIC (5268 CASES)

RATE PER 100,000

3
P

3
L7

o T TTETTTTRT T s 2 75 20 35 a0
AGE IN YEARS
NotE: Preliminary and incomplete data from 45

States.

45 %

Public Health Reports



Table 4. Frequency of paralysis in poliomyelitis
cases, by age group, 1952, 1955, and 1956 *
Percent paralytic
Age group (vears)
1952 1955 1956
0-4_ . 69 65 69
59 . 56 44 40
10-14__________________ 57 44 43
15andover.____________ 64 53 50
Allages_ _________ 62 52 52

! Based on provisional data, including 21,971 cases
from 22 States in 1952, 18,378 cases from 34 States in
1955, and 10,286 cases from 45 States in 1956. Cases in
which paralytic status was not specified are excluded.

cinated rate proportional to the reduction from
79 to 21. This reduction is (79—21)+79=173
percent.) A similar computation may be made
for the 5-to-9-year age group. It is estimated
that at least two-thirds of this age group had
been vaccinated, while one-third of the para-
Iytic cases in the age group were vaccinated
(fig. 5 and table 6). This difference again leads
to a crude estimate of 75 percent effectiveness
against paralytic poliomyelitis. (Two-thirds
of the paralytic cases occurring in the unvacci-
nated population and one-third in twice as
many vaccinated persons indicate a reduction
in the vaccinated rate compared with the un-
vaccinated rate proportional to the reduction
from 24 to 14 +2. This reduction is (4%— %) ~
44="T5 percent.)

NFIP Study

The National Foundation for Infantile
Paralysis conducted a study of hospitalized
poliomyelitis patients during the height of the
1956 poliomyelitis season. Reports were re-
ceived on 3,198 patients with acute cases in 408
hospitals in 48 States. When these patients
were grouped according to number of vaccine
doses received prior to onset, the frequency of
paralysis declined progressively from 59 per-
cent among unvaccinated patients to 23 percent
among those who had received three doses
(fig. 6). Thus, this study provides additional
evidence of the effectiveness of the vaccine in
1956.

Special Studies in T hree States

During the past year California, Florida,
and Minnescta were able to follow the distribu-
tion of vaccine in sufficient detail to obtain
reasonable estimates of vaccinated populations
by age groups. Current State estimates of the
total population in the age groups studied were
used. After estimation of the size of the vac-
cinated group, the size of the unvaccinated
group was obtained by subtraction. Attempts
at direct measurement of vaccine effectiveness
during 1956 in preventing paralytic poliomye-
litis were thus possible in these States.

Several factors introduce sources of potential
bias in these analyses. Case reports were re-
ceived through morbidity reporting systems of
widely varying accuracy. Total population

Table 5. Frequency of paralysis in poliomyelitis cases, by age and vaccination history, 1956 *
Vaccinated 2 Not vaccinated Total
Age group (years)

Total cases Percent Total cases Percent Total cases Percent

paralytic paralytic paralytic
04 ___ 610 46. 7 2,471 73.9 3, 081 68. 5
59 o ___ 1, 026 27.2 1, 144 50. 9 2,170 39.7
10-14_ . ___ 461 30. 8 939 49.1 1, 400 43.1
15-19__ . 103 31. 1 783 45. 8 886 44. 1
0-19. o ____ 2, 200 33.5 5, 337 60. 5 7, 537 52. 6
20 and over______._________ 152 33.6 2, 597 53.0 2,749 51. 9
Total . ____________ 2, 352 33.5 7,934 58.0 10, 286 52. 4

1 Based on preliminary and incomplete data from 45
States. A totsl of 1,107 cases, representing 10 percent
of the total reported cases in these States, are excluded
because one or more of the following were reported as
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unknown: paralytic status, vaccination history, month
of onset, or age.

2 Cases with one or more inoculations prior to onset
are classified as vaccinated.
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figures and vaccine usage figures (particularly
for commercial supplies of vaccine) were neces-
sarily estimates. Variations in geographic and
age-specific vaccination rates and attack rates
could not be completely accounted for. Risk
of exposure was assumed to be equal in the two
populations and constant throughout the study
period. Although attempts have been made to
minimize the effect of these sources of error,
interpretations of the results must necessarily
be guarded.

Figure 5. Percentage of paralytic and nonpara-
lytic poliomyelitis cases reported as vaccinated
and as not vaccinated, 1956.
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Note: Preliminary and incomplete data from 45
States.

Estimates of effectiveness according to num-
bers of doses are not reported here. Thus, the
estimates represent overall effectiveness of vary-
ing composites of 1,2, and 3 doses of vaccine and
should be interpreted accordingly.

Preliminary results of these studies are sum-
marized in table 7. In each State, paralytic
attack rates were significantly lower among vac-
cinated persons than among unvaccinated per-
sons. ISach of these independent studies indi-
cates an overall vaccine effectiveness in prevent-
ing paralytic poliomyelitis of about 75 percent.
These results are in general agreement with re-
sults of similar analyses conducted in 1955 (1).
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T'riple-Vaccinated Cases

In September 1956 a national registry was
established in the Poliomyelitis Surveillance
Unit for reports of poliomyelitis among in-
dividuals who have received three doses of vac-
cine. Recorded data include clinical, epidemi-
ological, and laboratory information. Residual
paralysis is being documented by convalescent
muscle gradings or supplemental descriptions
from attending physicians. In a few cases fol-
lowup information has resulted in a revised
diagnosis or changed paralytic or vaccination
status.  Triple-vaccinated cases reported
through January 18, 1957, have received the

following classifications:
Number of cases

Nonparalytie_________________________________ 154
Paralytie .. ________________ ______ ____ 34
Confirmed, with residual paralysis__________ 19
Under investigation________________________ 9
Revoked (not paralytic or not vaccinated) ___ 6
Total cases__________ __________________ 188

More stringent criteria have been applied in
establishing these triple-vaccinated cases as par-

Figure 6. Frequency of paralysis in hospitalized
cases of poliomyelitis, by vaccination history,
Aug. 15-Sept. 30, 1956.
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Table 6. Percentage of poliomyelitis cases reported as vaccinated, by paralytic status, age group,
and month of onset, 1956 *

January—June July-November Total
Age group (years)
Total Percent Total Percent Total Percent
cases vaccinated 2 cases vaccinated 2 cases vaccinated 2
Paralytic cases
694 8. 4 1,417 16.0 2, 111 13. 5
257 29. 6 604 33.6 861 32. 4
172 15. 1 431 26. 9 603 23. 5
91 2.2 300 10.0 391 8.2
019 .. 1,214 13.3 2, 752 20.9 3, 966 18.7
20%nd over..._____________ 353 14 1,074 4.3 1, 427 3.6
All ages - _______ 1, 567 10. 7 3, 826 16. 3 5, 393 14. 6
Nonparalytic cases
04 . _____ 178 24.7 792 35. 5 970 33.5
59 oo 246 50. 0 1, 063 58. 7 1, 309 57. 1
10-14__ . _____ 139 28. 8 658 42. 4 797 40.0
1519 . __ 84 7.1 411 15. 8 495 14.3
019 .. 647 32.9 2, 924 42,7 3, 571 40. 9
20and over- . _.___.____._._ 252 1.6 1, 070 9.1 1, 322 7.6
Allages_ __._________ 899 24.1 3, 994 33.7 4, 893 31.9

1 Based on preliminary and incomplete data from 45
States. A total of 1,107 cases, representing 10 percent
of the total reported cases in these States, are excluded
because one or more of the following were reported as

alytic poliomyelitis than are used in the routine
reporting of the disease. For this reason it is
not possible to compare directly these triple-
vaccinated cases with other groups of paralytic
cases, vaccinated or unvaccinated.

Laboratory specimens have been collected on
16 of the 19 confirmed paralytic cases. Polio-
virus was isolated from 7, other virus from 2,
and no virus from 3. Final laboratory results
have not yet been submitted on the four remain-
ing cases. Thus, to date, seven triple-vacci-
nated paralytic cases have received laboratory
confirmation.

Three deaths from poliomyelitis have been
reported in triple-vaccinated persons. One case
was established as bulbar poliomyelitis, but a
recheck of vaccination records revealed that the
child had never been vaccinated. A second case
was clinically consistent with poliomyelitis, but
pathological review revealed instead the ana-
tomic findings of acute disseminated encephalo-
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unknown: paralytic status, vaccination history, month
of onset, or age.

2 Cases with one or more inoculations prior to onset
are classified as vaccinated.

myelitis. The one remaining fatal case occurred
in a 5-year-old boy who died the day after onset
of fever and within 30 minutes of hospitaliza-
tion. Findings of an autopsy performed with-
out examination of the brain or spinal cord
were reported as compatible with poliomyelitis.
This is the only fatal case now being carried
in the registry.

Vaccine Under Epidemic Conditions

There has been particular interest in evalu-
ation of the effectiveness and possible dangers
of administering poliomyelitis vaccine during
epidemics. In particular, based on previous
studies with diphtheria and pertussis antigens,
it had been feared that the vaccine might “pro-
voke” the development of subsequent paralysis
in persons infected at the time of, or shortly
after, vaccination. The first study of this prob-
lem was conducted during a small outbreak of
poliomyelitis among U. S. Navy personnel and
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dependents in Hawaii in late 1955 (2). This
analysis revealed no evidence of a “provoking”
effect.

In 1956 the largest concentration of polio-
myelitis occurred in Chicago, where more than
1,100 cases were reported. This outbreak pre-
sented an unusual opportunity for the study of
mass vaccination under epidemic conditions. In
collaboration with the Chicago Board of Health,
the Cook County Health Department, the I1li-
nois Department of Public Health, the division
of services for crippled children of the Uni-
versity of Illinois, and the National Foundation
for Infantile Paralysis, the Public Health Serv-
ice undertook an epidemiological, clinical, and

Table 7. Resuits of three studies of vaccine
effectiveness, 1956

Cali- Flor- | Minne-
fornia,! | ida,? sota,?
June 1- | June 1- | Aug. 1-
Ttem Aug. 31 | Aug. 31| Oct. 31
(ages (ages (ages
0-14 0-19 0-19
years) | years) | years)
Estimated person-months
at risk (hundred
thousands):
Vaccinated.. _ - ________ 96. 66 4. 35 20. 86
Not vaccinated._______ 99. 66 8.19 13. 06
Paralytic cases:
Vaccinated - _________ 111 5 8
Not vaccinated._._____ 398 38 24
Paralytic rates (per 100,-
000 population):
Vaccinated_ __________ 1.2 1.1 . .4
Not vaccinated________ 4.0 4.6 1.8
Estimated effectiveness
(percent)t_ . _________ 71 75 79
Lower limit of effective-
ness (percent)s________ 66 44 57

1 Data reported by Drs. A. C. Hollister, Jr., and
R. L. Magoffin, bureau of acute communicable dis-
eases, California Department of Public Health, and by
Drs. G. L. Caplan and M. L. Wyman, epidemic intelli-
gence service officers, assigned to the California De-
partment of Public Health.

2 Data reported by Drs. J. O. Bond and W. T.
Sowder, Florida State Board of Health.

3 Data reported by Drs. H. Kleinman and C. 8.
Fleming, division of disease control and prevention,
Minnesota Department of Health.

4 Difference between unvaccinated and vaccinated
rates, divided by unvaccinated rate. Vaccine effec-
tiveness thus expresses the percent reduction in the
vaccinated attack rate as compared with the unvacci-
nated rate. ' Presumably, this reduction is due largely
to the vaccine.

5 Calculated at the 95 percent confidence level ac-
cording to the method used by Francis and associates
(reference 3, appendix, p. 62).
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laboratory study of poliomyelitis cases occur-
ring in Chicago and suburban Cook County.

Preliminary analysis of epidemiological data
showed patterns differing markedly from pre-
vious years, particularly the last previous epi-
demic year of 1952. In 1952 cases were scat-
tered quite evenly throughout the city. In 1956
early cases were also scattered widely, indi-
cating a general dissemination of the virus.
However, as the outbreak progressed, high rates
developed only in those areas of the city charac-
terized by a particularly dense population, a
low socioeconomic status, and a high propor-
tion of nonwhites. In 1952 cases among non-
whites constituted 14 percent of the total cases
as compared with.61 percent in 1956. In 1956
there was a shift in the age distribution of
cases toward the preschool age group. This
shift was particularly marked for the cases in
the white population.

Preliminary analysis of clinical and labora-
tory data has revealed no unusual findings.
About 60 percent of the cases were reported as
paralytic. Stool specimens obtained from a
large number of cases and examined by the
laboratories of the Illinois Department of Pub-
lic Health yielded predominantly type 1 polio-
virus.

In late July 1956, during a period of rapidly
rising incidence, the Chicago Board of Health
initiated a large-scale mass vaccination pro-
gram. Through the cooperative efforts of
medical and other organizations in the city,
more than 1.5 million doses were administered
in less than 2 months. However, this program
began too late to demonstrate any dramatic
effect upon the epidemic curve.

In an attempt to delineate any possible “pro-
voking” effect following this large number of
inoculations, a preliminary analysis of about
400 vaccinated cases (including more than 300
cases occurring within 30 days of inoculation)
was made. This analysis revealed no evidence
that prior inoculation influenced the localiza-
tion of subsequent paralysis. Among para-
Iytic cases, there were 11 with initial involve-
ment of the inoculated limb, 11 with initial in-
volvement of the opposite uninoculated limb,
and 13 with involvement of both the inoculated
limb and the opposite uninoculated limb.
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Figure 7. Distribution of poliomyelitis vaccine, 1955=56.
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A more complete presentation of findings in
Chicago during 1956 will be published under
the direction of Dr. Herman N. Bundesen, presi-
dent, Chicago Board of Health.

Vaccine Distribution

During 1955 and 1956 a total of 98.2 million
doses of poliomyelitis vaccine were distributed
for domestic use, including 27.7 million doses
from April through December 1955 and 70.5
million doses in 1956. An additional 6.5 mil-
lion doses were exported during recent months
of 1956. Through the end of 1956, a cumula-
tive total of 130.6 million doses of vaccine (net
cubic centimeters of bottled vaccine) had been
released after clearance by the National Insti-
tutes of Health, Public Health Service, leaving
a balance of 25.9 million doses on hand at the
close of the year.

Distribution of vaccine by calendar quarters
is presented in figure 7. Quarterly shipments
of vaccine reached a peak in the second quarter
of 1956, when 27.8 million doses were distrib-
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uted. Shipments declined progressively dur-
ing the last two quarters of 1956, lagging con-
siderably behind vaccine releases. This pro-
gressive accumulation of vaccine availuble for
use is also shown in figure 7.

Of the 98.2 million doses distributed domesti-
cally, 13.7 million were purchased by the
National Foundation for Infantile Paralysis,
primarily for vaccination of first- and second-
grade school children in 1955, 58.5 million were
distributed through public agencies, and 31.0
million were distributed through normal drug
channels. Specific usage by age group and by
first, second, or third inoculation for only a part
of this vaccine is known.

There are between 60 and 65 million persons
under 20 years of age in the United States and
Territories. Just over half enough vaccine has
now been distributed to complete three inocula-
tions for each individual in this group. More
than 100 million doses in addition would be
required to complete vaccination of the popu-
lation aged 20 to 40.
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Discussion and Summary

The experience in the United States during
1956 shows that poliomyelitis vaccine has been
safe and effective. Several hundred cases of
poliomyelitis occurred shortly after inocula-
tion, but this many vaccine-associated cases
could easily be coincidental in view of the more
than 70 million doses of vaccine that were ad-
ministered. The vaccine-associated cases had
all the characteristics of naturally occurring
poliomyelitis. There was slight, if any, evi-
dence of untoward reactions from the vaccine.
While the concepts of absolute vaccine safety
or total absence of a provoking effect of inocu-
lation are mnot scientifically tenable, the
epidemiological observations during 1956 in-
dicated that any such hypothetical effects oc-
curred at a frequency of less than one per
million inoculations.

During 1956 the effectiveness of the vac-
cine could not be evaluated in well-controlled
field studies, such as Francis conducted in 1954
(83), or in large-scale comparison-group
studies such as were made in 1955 (7). It was
necessary to depend largely upon qualitative
studies and upon orderly epidemiological in-
ferences based on careful observation and
analysis. A number of independent studies
consistently point to a level of effectiveness in
preventing paralytic cases of 75 percent, with
a large proportion of the vaccinated population
having received less than the recommended
course of three doses. The effectiveness of three
doses, properly spaced, has not yet been fully
evaluated, but the occurrence of several well-
confirmed triple-vaccinated paralytic cases
shows it to be less than 100 percent.

Considerable evidence has accumulated to
show that the present vaccine is less effective
in preventing nonparalytic cases and in con-
trolling the spread of inapparent infection.
Two published studies (4, 5), as well as unpub-
lished work of Lipson, Carver, and Robbins
and of Davis and Melnick, have shown that
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vaccinated children in household contact with
poliomyelitis cases can readily become infected,
although, again, the effect of three doses has
not yet been fully evaluated. Thus the pri-
mary effect of vaccine appears to be the pre-
vention of invasion of the central nervous sys-
tem and thereby the prevention of paralysis.
This limitation on the effectiveness of the vac-
cine may be associated with the evidence that
poliovirus did spread rather extensively in var-
ious populations during 1956, not only in Chi-
cago, but in Louisiana, Utah, Idaho, California,
and elsewhere. In spite of relatively wide-
spread, but incomplete, vaccination, these popu-
lations experienced high incidence of disease,
particularly among preschool children in all
socioeconomic groups.

The immediate public health implication of
the experience in 1956 is that substantially
higher levels of immunity must be achieved
among all elements of the population.
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